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Abstract 

Introduction: Nocturnal enuresis (NE) and obstructive sleep apnoea-hypopnoea 
syndrome (OSAHS) are common problems during childhood, and population 
studies have reported a significant correlation between them. This study aimed 
to assess whether habitual snoring, mouth breathing and daytime sleepiness 
are associated with increased incidence of NE in children with OSAHS. 
Material and methods: Polysomnography was performed in 42 children (66.7% 
males), 3.5-14.5 years old, who were evaluated for sleep-disordered breathing (SDB). 
Results: Fourteen out of 42 children (33.3%) presented mild, 16 out of 42 (38.1%) 
moderate and 12 out of 42 (28.6%) severe degree of OSAHS. Apnea hypopnea 
index (AHI) ranged between 1.30-94.20 (10.54 ±15.67) events per hour of sleep. 
Nocturnal enuresis was reported in 7/42 (16.7%) of them. The main observed 
symptoms were snoring (90.5%), restless sleep (81%), mouth breathing (71.4%), 
nasal congestion (76.2%), and difficulty in arousal (52.4%). A statistically signif- 
icant association was found between NE and mouth breathing (p = 0.014) or 
nasal congestion (p = 0.005). Children with OSAHS and NE had a higher arousal 
index (8.14 ±8.05) compared with OSAHS children without NE (4.61 ±7.95) (p = 
0.19, z = -1.28). Snorers had higher levels of AHI (11.02 ±16.37) compared with 
non-snorers (6.05 ±4.81) (p = 0.33, z = -0.96), and habitually snorers (23/42, 
54.76%) were at greater risk of having NE (4/23) than were non-snorers (0/4, 
p = 0.36). However, the prevalence of enuresis was not related to the severity 
of OSAHS, expressed as AHI (p = 0.70). 

Conclusions: Mouth breathing, nasal congestion and high threshold of arousal 
during sleep should be more carefully evaluated in cases of children with NE 
who do not respond to standard treatment and present SDB. 

Keywords: nocturnal enuresis, sleep apnoea syndrome. 



Introduction 

Nocturnal enuresis (NE) or bedwetting and sleep-disordered breathing 
(SDB) are common problems during childhood [1, 2]. The prevalence of enure- 
sis (at least one night per week) has been reported to be 1.6% to 15%, depen- 
ding on the subject's age and ethnic and cultural characteristics [2-5]. 

Sleep research has documented that nocturia and bedwetting are symp- 
toms of obstructive sleep apnoea (OSA) in adults, and that bedwetting is 
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predictive of OSA in children [6, 7]. Moreover, nocturnal 
polyuria is considered a cardiovascular response to 
negative pressure breathing (inspiration against 
a closed glottis), which is characteristic of OSA [8]. 
The association between these two conditions in 
paediatric subjects is supported by the decrease or 
complete resolution of bedwetting after successful 
treatment of SDB with adenotonsillectomy or the use 
of intranasal corticosteroids [4, 6, 9]. 

Moreover, patients with untreated obstructive 
sleep apnoea syndrome (OSAS) excrete large amounts 
of sodium and urine overnight, probably because of 
increased secretion of atrial natriuretic peptide which 
is caused by the stimulation of right atrial receptors 
exposed to the exaggerated intra-thoracic pressure 
swings which accompany narrowing and obstruc- 
tion of the upper airway. The natriuresis and polyuria 
are completely suppressed by effective treatment of 
OSAS [8, 10]. A few series have been published of 
hospitalised children with SDB and concomitant 
enuresis [1, 2, 7, 11], and also a number of popula- 
tion-based studies have reported a significant corre- 
lation between habitual snoring and nocturnal enu- 
resis [12-14]. 

The purpose of this research was to assess whether 
habitual snoring, mouth breathing and daytime sleepi- 
ness are associated with increased incidence of enu- 
resis in children with obstructive apnea hypopnea 
syndrome during sleep (OSAHS), and whether the 
prevalence of enuresis was modified by the severity 
of OSAHS. 

Material and methods 

Study sample and location 

The study group included 42 children who visited 
the Paediatric Sleep Laboratory of the 2 nd University 
Paediatric Department of AHEPA Hospital in Thes- 
saloniki, Greece. There were 28 males (66.7%) and 
14 females (33.3%). Their age ranged from 3.5 to 14.5 
years old (range ± SD: 7.63 ±2.90 years). Children 
entered the Sleep Laboratory with their parents 
between 9 and 9.30 p.m. After cleaning the study 
area of electrodes' placement, the recording started 
at about 11 p.m. 

Study protocol 

Information was gathered concerning the child's 
gender, age, difficulty in breathing during sleep, mouth 
breathing, witnessed apnoea, daytime sleepiness, 
restless sleep, difficulty in arousal, fatigue, mouth 
breathing and enuresis. Snoring and its severity were 
also recorded. The frequency of snoring was graded 
as "never," "rarely" (once per week), "occasionally" 
(twice per week), "frequently" (3-4 times per week), 
and "almost always" (> 4 times per week). 

Otolaryngological evaluation was performed in 
each child, and tonsils size was classified according 



to Mallampati criteria [15]. Subjects were excluded 
if they had any known genetic or craniofacial syn- 
dromes. 

Polysomnographic study (PSG) was performed in 
42 patients with a commercially available system, 
Sleep Screen, Viasys Healthcare Corporation. The 
recording of polysomnographic information was clas- 
sified based on the existing criteria, since 
polysomnographic sleep study is recommended by 
the American Paediatric Academy as the gold stan- 
dard for confirmation and classification of the 
severity of OSAHS in children [13, 16], 

A single night of attended polysomnography was 
performed in each subject at the sleep laboratory, 
and no drugs were used to induce sleep. The poly- 
somnographic sleep study included measurements 
of right and left electrooculograms, heart rate by 
electrocardiogram (ECG), a bipolar submental elec- 
tromyogram, electro-encephalogram (EEG), anterior 
tibial electromyograms (EMG), thoracic and abdom- 
inal excursions as detected by inductance plethys- 
mography bands, air flow monitored with a nasal 
pressure cannula, a thermistor, and an end-tidal cap- 
nograph that also provided breath-by-breath assess- 
ment of end-tidal carbon dioxide levels with simul- 
taneous recording of the pulse waveform, and was 
recorded with a 3-seconds averaging routine (Capno- 
graph Sleep, Smith Medical family of companies), 
oxygen saturation via a palm oximeter, snoring 
through a microphone placed at the trachea area, and 
also evaluation of the body placement. Acceptable 
studies were those with at least 6 h of recorded data 
of sufficient quality to allow respiratory event detec- 
tion and distinction of wakefulness from sleep. 

Definitions 

The proportion of time spent in each sleep stage 
was expressed as a percentage of total sleep time 
(TST). Obstructive apnoea was defined as the ab- 
sence of airflow with continued chest wall and abdo- 
minal movement that lasts 2 respiratory cycles [16-18], 
and hypopnoea as a decrease in oro-nasal flow grea- 
ter than 50% despite continuous respiratory efforts 
followed by a reduction of saturation of oxyhemo- 
globin at least for 3%, and/or arousal [16, 18, 19]. 

The obstructive apnoea-hypopnoea index (AHI) 
was defined as the number of apnoeas and hypop- 
noeas per hour of TST. The abnormal diagnostic for 
children would be AHI > 1/h of sleep [17, 18]. Since 
there are no definite diagnostic criteria for the clas- 
sification of OSAHS severity in children, the classifi- 
cation of mild, moderate and severe degree of OSAHS 
in children with OSAHS was performed based on 
their clinical appearance, the number of obstructive 
events per hour of sleep, the end-tidal expiratory 
pressure of carbon dioxide (PetC0 2 ), the incidence 
and the severity of oxygen desaturation and the 
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frequency of arousals that are correlated with respi- 
ratory obstructive events [1, 16]. Moreover, Harvey 
et al [20] classified OSAS in children based on AHI 
value: as mild (1 > AHI < 5/h), moderate (5 > AHI < 9/h) 
and severe (AHI > 10/h). 

Nocturnal enuresis refers to the involuntary loss 
of urine after the age of 4 to 5 years, when children 
are expected to have achieved full bladder control 
at night. It is classified as primary when the child 
has never achieved night-time dryness and secon- 
dary when bedwetting occurs after dryness for at 
least 6 months [3, 10, 21]. 

The minimal frequency of nocturnal urine loss 
required to diagnose the condition as nocturnal 
enuresis has varied in different studies from once in 
the previous year [20] to twice a week [22], In our 
study a child was characterized as having urine incon- 
tinence when it appears at least one night per week 
in children older than 4 years of age [3, 4, 20, 23]. 

Ethical approval 

Our study was approved by the Ethical Committee 
of the Medical School of Aristotle University of Thes- 
saloniki, Greece, and written informed consent was 
obtained from parents of all subjects. 

Statistical analysis 

The statistical analysis was performed using SPSS 
11.2 for Windows; SPSS; Chicago, IL (SPSS Inc, Chicago 
IL). Frequencies and descriptive statistics were used 
primarily in order to assess the sample's overall attri- 
butes. x 2 test and Fisher's exact test were used be- 
tween qualitative variables in order to calculate 
p values. Mann-Whitney and Kruskal-Wallis tests 
were used for variables that were not normally distri- 
buted. Values of p below 0.05 were considered signif- 
icant. Moreover, since the p value depends on the 
size of the data set, the statistical inference was 
assessed using estimation with confidence intervals 
(CI) and odds ratios (OD). If the 95% CI excludes 1, 
there is a significant difference between the groups 
and when the 95% CI includes one, there is no signif- 
icance at p = 0.05. 



Table I. Demographic and clinical features and poly- 
somnographic results of children with OSAHS 



Sex 


28 males (66.7%) : 14 females (33.3%) 
2 : 1 ratio 


Age [years] 
(Mean ± standard 
deviation) 


3.5-14.5 (7.63 ±2.90) 


BMI [kg/m^] 


13.66-18.52 (18.52 ±4.24) 


Nocturnal enuresis 


7 (16.7%) 


Snoring 


38 (90.5%) 


Restless sleep 


34 (81%) 


Difficulty in arousal 


22 (52.4%) 


Fatigue 


14 (33.3%) 


Mouth breathing 


30 (71.4%) 


Nasal congestion 


32 (76.2%) 


Apnea-hypopnoea 
index (AHI) [events 
per hour of sleep] 


1.30-94.20 (10.54 ±15.67) 


Apnea index (Al) 
[apnoeic events 
per hour of sleep] 


0.8-21.10 (4.27 ±3.30) 


Total sleep time [h] 


7.15 ±1.07 



Results 

Forty-two children were evaluated for possible 
SDB, and polysomnography sleep study was perfor- 
med on them. Their demographic and clinical fea- 
tures and polysomnographic results are presented 
in Table I. Comparisons between the presence of 
nocturnal enuresis and patients' clinical features and 
symptoms are recorded in Tables II and III. Mild 
degree of OSAHS was presented by 14/42 children 
(33.3%), 16 (38.1%) moderate and 12/42 (28.6%) 
severe. Children who snore had higher levels of AHI 
(11.02 ±16.37 events per hour of sleep) compared with 
non-snorers (6.05 ±4.81 events per hour of sleep), but 
there was no statistical significance (p = 0.33, z = -0.96). 

Moreover, no significant association (p = 0.68, 
z = -0.40) was found between patients' age and sex 



Table II. Correlations between the presence of nocturnal enuresis and clinical features of patients with OSAHS 



Parameter 


Children with OSAHS 






Without NE NE 




Age [years] 

(Mean ± standard deviation) 


7.77 ±3.06 6.92 ±1.98 


p = 0.54 
z = -0.61 


3.5-14.5 (7.63 ±2.90) 


Sex 


25/28 males : 10/14 females 3/28 males : 4/14 females 


p = 0.14 




28 males (66.7%) : 14 females (33.3%) 
2 : 1 ratio 


p = 0.19 
OD = 0.37 
95% CI = 0.09-1.45 


AHI 


10.96 ±16.49 8.45 ±11.51 


p = 0.70 


Al 


4.42 ±3.58 3.57 ±2.36 


p = 0.62 
z = -0.49 
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Table III. Correlations between the presence of NE and symptoms 



Variables 


Number of patients 
with the symptom 
(% n of patients 
with the symptom/N (= 42) 
of patients with OSAHS) 


Nocturnal enuresis (NE) 
(/i of children with NE 

(%n of children 
with NE/W of children 
with the symptom) 


Value 
ofp 


Odds ratio 
for nocturnal 
enuresis 


95% 
confidence 
interval 


Mouth breathing 


30 (71.4%) 


2 (6.66%) 


0.01 


10 


1.59-62.78 


Snoring 


38 (90.5%) 


7 (18.42%) 


1 


0.88 


0.78-1 


Snoring almost every night 


23 (56.1%) 


4 (17.39%) 


0.54 


1.33 


1.05-1.68 


Restless sleep 


34 (81%) 


5 (14.70%) 


0.60 


1.93 


0.30-12.42 


Restless sleep almost every ni 


ght 17 (41.5%) 


3 (17.64%) 


0.54 


1.21 


0.97-1.51 


Witnessed apnoea during sleep 29 (69%) 


3 (10.34%) 


0.17 


0.26 


0.04-1.39 


Difficulty in arousal 


20 (47.61%) 


2 (10%) 


0.41 


0.37 


0.06-2.21 


Nasal congestion 


32 (76.2%) 


2 (6.25%) 


0.005 


15 


2.25-99.63 


Fatigue 


14 (33.3%) 


2 (14.28%) 


1 


1.30 


0.21-7.75 


Behaviour problems 


4 (9.5%) 


0 (0%) 


1 


0.88 


0.78-1 


Hypermotility 


11 (26.2%) 


2 (18.18%) 


1 


1.15 


0.19-7.03 


Aggressiveness 


1 (2.4%) 


0 (0%) 


1 


0.98 


0.91-1.03 


Attention deficit 


5 (11.9%) 


0 (0%) 


0.56 


0.85 


0.75-1 



(7.79 ±2.95 year-old boys vs. 7.32 ±2.89 year-old girls) 
(Figure 1). However, there was a statistically significant 
association between the presence of mouth brea- 
thing and nocturnal enuresis (p = 0.014, OD: 10, 
95% CI: 1.59-62.78). There was also a significant diffe- 
rence between groups concerning the presence of NE 
and: 1) nasal congestion (OD: 15, 95% CI: 2.25-99.63), 
and 2) snoring almost every night (OD: 1.33, 95% CI: 
1.05-1.68) (Table III). Finally, OSAHS children with NE 
had a higher arousal index per hour of total sleep time 
(8.14 ±8.05) compared with children with OSAHS who 
did not present NE (4.61 ±7.95) (p = 0.19, z = -1.28) 
(Figure 2) and there was a positive correlation be- 
tween AHI and tonsillar size (r = 0.20, p = 0.23). 



Discussion 

Recent literature indicates an association between 
SDB and NE. Studies have principally focused on 
uncontrolled clinical populations of children with 
SDB undergoing either assessment in sleep labora- 
tories [24] or adeno-tonsillectomy [2]. Based on the 
existing studies, it appears that a correlation of the 
presence of NE and OSAHS exists, as in our study 
where 7/42 children with OSAHS (16.7%) presented 
NE. In the Tucson Children's Assessment of Sleep 
Apnea study [25] children with SDB (respiratory 
disturbance index greater than one episode per 
hour) were more likely to have enuresis than chil- 




No Yes 
Noctural enuresis 

Figure 1. Age distribution based on the presence or 
not of nocturnal enuresis 



50- 



20" 



10" 



I 



No Yes 
Noctural enuresis 



Figure 2. Correlation between the presence of noctur- 
nal enuresis and arousal index per hour of sleep 
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dren without sleep-disordered breathing (11.3% vs. 
6.3%). However, a recent large cohort of 7.5-year olds 
found that of the 15.5% children who wet the bed, 
the majority wet only once or less a week, with a rela- 
tively small number (2.6%) meeting the DSM-IV (Ame- 
rican Psychiatric Association 1995) criteria of noctur- 
nal enuresis, wetting at least twice a week [4]. 

There was evidence for an association between 
SDB and NE in a large Greek community sample of 
children aged 5-14 years [26], whereas children with 
habitual snoring were 4 times more likely than those 
who did not regularly snore to have primary enuresis. 
It is known that snoring symptomatology alone 
correlates poorly with objective (polysomnographic) 
findings [27]. In our study there was also an associa- 
tion between the presence of snoring and the severity 
of OSAHS, although without statistical significance 
(p > 0.05). No statistically significant association was 
also recorded between the degree of OSAHS expres- 
sed as AH I and the presence of NE (p = 0.70). Howe- 
ver, no population-based studies have assessed the 
association between primary nocturnal enuresis and 
snoring while considering the effect of the subjects' 
age and sex. Nocturnal enuresis is also more common 
in the habitual snoring group [13], as in our study 
where 7/38 children who snore had NE (18.42%), 
while none of the non-snorers had NE (4/4, 100%), 
and all belong to the habitual snorers group (more 
than 4 times per week). Based on 95% CI shown in 
Table III there were statistically significant associa- 
tions between NE and snoring almost every night 
(OD: 1.33, 95% CI: 1.05-1.68). 

A number of polysomnographic studies (PSG) have 
compared patients with NE to controls and in gene- 
ral found no evidence of SDB, but did note that enu- 
retic patients had a high arousal threshold [13]. It has 
been postulated that nocturnal enuresis in people 
with airway obstruction results from increased pro- 
duction of atrial natriuretic peptide, which increases 
the arousal threshold in sleep [6]. Moreover, based on 
the article of T. Neveus, enuresis is not just a nocturnal 
problem but a disorder of sleep. The high arousal 
threshold is one of three major pathogenetic factors 
in enuresis - nocturnal polyuria and detrusor hyper- 
activity being the other two [28]. In our study, chil- 
dren with NE had a higher arousal index per hour of 
TST (8.14 ±8.05) compared with children with OSAHS 
who did not present NE (4.61 ±7.95) (p = 0.19). 

The relationship between sleep EEG and the enu- 
retic event cannot safely be assumed to be the same 
in these different subgroups of children, because it 
is quite possible that sleep mechanisms might inter- 
act with urine production and/or bladder function [23]. 
Children with OSA have fewer EEG arousals compa- 
red to adults with OSA, and thus are able to better 
preserve sleep architecture. This observation may 
reflect increased sleep pressure leading to decreased 
arousability in the child. As such, the decreased arou- 



sability may contribute to the increased frequency 
of nocturnal enuresis seen in paediatric OSA [7], 

The most common aetiology of OSAHS in children 
is hypertrophy of adenoids and/or tonsils. In these 
cases, surgical removal is the treatment of choice 
and can also affect bedwetting. For example, Weiss- 
bach etal. [29] documented significant reductions 
or elimination of nocturnal enuresis in children who 
had surgical repair for upper airway obstruction. 
Similar results were reported by Firoozi et al [2] for 
children who underwent surgical resection of hyper- 
trophic tonsils and adenoids. In our study, there was 
a positive correlation between the severity of OSAHS 
expressed with AHI and the tonsillar size (r = 0.20, 
p = 0.23), according to the Mallampati classification 
[15]. This observation is in agreement with our find- 
ings that the most important symptoms that are 
correlated with the presence of NE were mouth brea- 
thing (p = 0.01, OD: 10, 95% CI: 1.59-62.78) and nasal 
congestion (p = 0.005, OD: 15, 95% CI: 2.25-99.63), 
which are symptoms that are correlated with hyper- 
trophic tonsils and adenoids and OSAHS [30]. 

Primary nocturnal enuresis is usually more com- 
mon in boys than in girls, with a 3 : 1 gender ratio 
[31, 32]. In published reports, the prevalence of bed- 
wetting was greater in populations with low socio- 
economic status, and declined with increasing age 
[4, 31], as in our study where NE was not recorded in 
children older than 10 years of age and its frequency 
was reduced after 8 years of age (5/42 patients 
[11.8%] in the age group 2-8 years old and 2/42 pa- 
tients [4.8%] in the age group > 8 years old). In our 
study, there was a predominance of female sex con- 
cerning the appearance of nocturnal enuresis in chil- 
dren with OSAHS. In particular, there were 3/28 males 
(10.71%) with OSAHS (3/42 patients, 7.14% of the study 
population) and 4/14 females (28.57%) with OSAHS 
(4/42 patients, 9.5% of the study population) who 
presented with nocturnal enuresis (p = 0.14) (Table II). 

There were significantly higher levels of reports 
of daytime sleepiness and behavioural problems in 
all NE children [13]. In our study, behaviour problems 
were reported in 9.5% of children with OSAHS, but 
none presented NE. Hyper-motility was recorded in 
26.2% of patients with OSAHS (11/42), aggressive- 
ness in 2.4% (1/42), attention deficit in 11.9% (5/42) 
and difficulty in arousal in 47.6% of patients with 
OSAHS (20/42). Aggressive behaviour or attention 
deficit disorder has not been reported for any of the 
patients with OSAHS and NE. Only 2/11 (18.18%) with 
hyper-motility also had NE (p = 1.00) and 2/20 chil- 
dren with difficulty in arousal had NE (p = 0.41). 
According to 95% CI shown in Table III, behaviour pro- 
blems and attention deficit disorders did not appear 
to be statistically significant factors that were corre- 
lated with the presence of NE in children with OSAHS. 

We should also mention that 95% CI were quoted 
because clinically important outcomes may fail to 
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achieve statistical significance if they are observed 
only in small samples, as in our groups. A confidence 
interval is a measure of how much trust can be 
placed in an estimate derived from a sample, taking 
into account the scope for chance variation from one 
sample to another. The larger the size of a sample, 
the narrower the confidence interval that will be 
obtained. This reflects the fact that bigger samples 
provide more information and therefore allow more 
confident conclusions with a smaller range of uncer- 
tainty. Thus, one of the disadvantages of our study 
was the small sample size limiting the possibility to 
obtain statistically significant differences, and which 
explains the wide range of 95% CI. But, our study is 
the second study performed in Greece that correlates 
the presence of NE in children diagnosed with PSG as 
having OSAHS [33]. Thus, future studies in larger 
populations would probably provide further informa- 
tion on whether and to what extent nocturnal 
enuresis is observed in OSAHS children. 

Finally, if our findings are verified with multi-centre 
studies of patients-controls, sleep apnoea should be 
included in the differential diagnosis of children with 
nocturnal enuresis. We should also mention that none 
of the children with NE received any medical treat- 
ment, although urinary tract abnormalities and infec- 
tion as well as psychological factors and constipation 
have previously been excluded. 

In conclusion, the co-existence of mouth breathing, 
snoring almost every night, nasal congestion or a high 
threshold of arousals during sleep should be more ca- 
refully evaluated in cases of children with nocturnal 
enuresis who do not respond to standard treatment. 
Thus, in these cases, paediatricians who treat chil- 
dren with enuresis should consider the possibility of 
OSAHS. The performance of polysomnographic stu- 
dies in these children seems to be important, alt- 
hough further studies are needed in order to confirm 
these findings. Thus, NE could be used as a predictor 
of SDB leading to earlier diagnosis and treatment of 
SDB, and hopefully reducing the significant morbidity 
associated with this condition. Moreover, the early 
differential diagnosis between SDB and NE will reduce 
hospitalization rates and costs and the discomfort 
resulting from misdiagnosis. 

Finally, the co-existence of enlarged adenoids and 
snoring should be a sign for further evaluation of chil- 
dren, in case they present other symptoms that are 
correlated with OSAHS, such as NE. 
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